There is often the risk of confusing pollen grains with helminth eggs from archaeological sites. Thousands to millions of pollen grains can be recovered from archaeological burial sediments that represent past ritual, medication and environment. Some pollen grain types can be similar to parasite eggs. Such a confusion is represented by the diagnosis of enterobiasis in ancient Iran. The authors of this study confused a joint-pine (Ephedra spp.) pollen grain with a pinworm egg. This paper describes the specific Ephedra pollen morphology that can be confused with pinworm eggs.
Parasite eggs can be confused with pollen grains [1] . There are thousands of distinct pollen types [2] . Some of these types can resemble parasite eggs, and indeed, in our experience some resemble Enterobius eggs. Therefore, it is important for parasitologists working in archaeological sites to have some familiarity with palynology. This is necessary because pollen is ubiquitous and abundant in archaeological deposits [3] . In addition, pollen may be derived from dietary or medicinal species. The interdisciplinary palynology-parasitology approach to archaeological parasitology provides researchers with experience in distinguishing the morphology of parasite eggs from pollen grains.
Pinworm eggs from archaeological sites have been recovered from many sites, primarily in the Americas [4] [5] [6] . By comparing prevalence and intensity of infection from mummies and coprolites, these studies defined the New World paleoepidemiology and prehistoric biogeography of pinworm infection. Importantly, pinworm prevalence is affected by the development of complex societies and urbanization [7] . The latest re-view of all pinworm archaeological discoveries in the Americas summarized data from 61 archaeological sites [6] . A total of 1,848 samples were analyzed for pinworm and 141 were pinworm-positive. These authors pointed out that pinworm eggs are very susceptible to decay in archaeological sites and optimal preservation was recorded only in mummies and coprolites. Pinworm eggs are rarely preserved in open site sediments. Brinkkemper and van Haaster [8] note that pinworm eggs are ephemeral and have only been found in one of dozens of European analyses. Only once have pinworm eggs been recovered from latrine sediments from the Americas [9] . The eggs have never been recovered from burial sites outside of caves. Therefore, it is important to carefully analyze pinworm egglike structures from such contexts.
Recently Paknazhad and colleagues [10] published an article in Parasites and Vectors entitled "Paleoparasitological evidence of pinworm (Enterobius vermicularis) infection in a female adolescent residing in ancient Tehran (Iran) 7,000 years ago". They based their diagnosis on a single structure illustrated in their paper. In our experience, the structure is not consistent with an oxyurid egg, but is consistent with Ephedra spp. (jointfir) pollen grain morphology. We are taking this opportunity to explain the differences between Ephedra pollen and pinworm eggs specific to this find.
Enterobius eggs have distinctive characteristics that are excep-tionally diagnostic among the helminths, and enable an accurate identification of the parasite to the species E. vermicularis.
The eggs are oval, elongate, asymmetric, slightly flattened and wider in one of the sides, making a rough "D" shape [11, 12] .
In long dimension, one end tapers more pronouncedly than the other. This taper occurs near the end where the larva exits. Some authors describe this hatching point as having an operculum or cap specifically evolved for the release of active, infective larvae from the egg [12] (Fig. 1 ). In our experience of analyzing thousands of ancient and modern eggs, we prefer to use the term "fissure" for application to Enterobius egg-shells ( Fig. 1 ). This is because Enterobius spp. do not have distinct and detachable opercula like trematodes or caps like some other species of oxyurids. Enterobius vermicularis eggs are embryonated when oviposited by the female worm in the perianal area and the embryo is slightly folded inside the egg [13] . The embryos are durable in ideally preserved archaeological specimens. The egg-shell has 2 recognizable layers when visualized in light microscope and the size of the egg can vary between 50 µm to 60 µm in length and 20 µm to 30 µm in width [13] (Fig. 1) . In summary, archaeological specimens are asymmetrical in lengths and cross-section, are embryonated, have a fissure, and are flattened on one side. The object discovered by Paknazhad and her colleagues does not have any of these features [10] (Fig. 1) . The object is symmetrical in length and width. It exhibits neither cap, operculum nor fissure. The characteristic flattening of one site of a pinworm egg and asymmetrical tapering of the ends are not seen. Finally, there is no embryo.
We have demonstrated that the object discovered by Paknazhad and colleagues is not consistent with a pinworm egg. Although the image of the object is blurred, there are several A B Fig. 1 . These pinworm eggs were recovered from an archaeological site in Durango, Mexico and are 1,200 to 1,400 years old. In image (A), the arrow points to a thin area through which the larva exists. This point has been called operculated or capped. In image (B), a wellpreserved larva has been partly pressed out of the operculum. This image attests to the durable nature of archaeological pinworm larvae. Fig. 2 . This image was published by Paknazhad and colleagues [9] . The arrows point out features consistent with Ephedra pollen. The small, black arrows point laterally toward curvilinear grooves on the surface of the structure. These are called pseudosulchi and are characteristic of Ephedra pollen grains. The larger black arrows point to the ends of the object which project. This is also characteristic of Ephedra pollen. The white arrows point to visible ridges, called plicae that merge at the ends of the pollen. These are diagnostic of Ephedra. The structure is symmetrical in length and width and is thick-walled. All of these features are consistent with pollen and not Enterobius eggs.
noteworthy features [13] (Fig. 2) . The object is symmetrical. The ends of the object are convex. The object is thick-walled.
There are four ridges visible on the object. Curvilinear grooves are evident in the walls of the object. Palynologically, the ridges are called "plicae" and the grooves are called "pseudosulchi". In our opinion, it is consistent with pollen grains of Ephedra, several species of which are endemic to Iran [14] . All of these features are typical of the pollen from the genus Ephedra [15, 16] (Fig. 3) . One common name for this genus is jointpine. Joint-pine is a genus of gymnosperm shrubs common to arid regions in the Americas, Europe, Africa and Asia. As reviewed by Bolinder and her colleagues [15] , the distinct polyplicate pollen of Ephedra species varies between lineages and the arrangement of plicae and pseudosulchi can be used to trace the evolutionary origin of the genus at least to the early Cretaceous. The type found by Paknazhad and her colleagues [10] is consistent with what Bolinder and colleagues [15] described as a derived pollen type with branched pseudosulchi and fewer plicae. It is also consistent with Iran-endemic jointpine [14] . It is likely that the object is a pollen grain with six plicae, perhaps consistent with E. intermedia. Further imaging would be necessary to identify which species has been found.
In arid regions, analyses of archaeological sites proves that pollen and macrofossils Ephedra can be encountered [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] (Fig. 4) . Indeed, the most famous find of Ephedra pollen was in the Neanderthal burials in Shanidar Cave, Iraq [19, 20, 24] . Joint-fir was economically important, but is also an ambient, wind-dispersed type. Therefore, it is a common contaminant. Ephedra pollen has long been found as a common background type in archaeological and modern pollen studies in Iran [26, 27] . The object found by Paknazhad and her colleagues matches closely the general shape Ephedra pollen recovered from burial soils in China with the exception that the Chinese example is of a species that does not have pseudosulchi [16] . Ephedra pollen is commonly found in archaeological sites and represents environmental conditions in low quantities [16, [28] [29] [30] or medicinal use if found in high concentrations [23] . The Shanidar find has been interpreted as representing early human recognition of the medicinal value of the species [20] .
Based on the morphology of the object reported by Paknazhad and colleagues, it appears that they made an error in confusing this pollen grain with a parasite egg. The importance of the knowledge of pollen shapes cannot be overstated when examining sediments from archaeological sites, since many Fig. 3 . This image is republished from Bolinder research group [13] who detailed the morphological changes of Ephedra pollen through the evolution of the genus from the Cretaceous Period up until now. These diagrams highlight the plicae and microsulchi that are visible in the object misdiagnosed as Enterobius by Paknazhad and colleagues [9] . Fig. 4 . A recently discovered Ephedra spp. pollen grain from an archaeological coprolite from Utah, USA that shows the characters of Ephedra pollen.
A B B
A morphometries can be misunderstood as parasite eggs. In this case, distinct features of polyplicate pollen are evident. We recommend the reestablishment of the multidisciplinary approach to research pioneered by Anderson (parasitologist) and Hevly (palynologist) in order to aid parasitological research in archaeological sediments [9] .
